Human papillomavirus (HPV) type 16 is highly associated with cervical cancer, but it seems that cofactors such as hormones affect its potential oncogenicity. We have analysed the HPV-16 gene expression in response to sex hormones and glucocorticoids in SiHa cells, a human cervical carcinoma cell line. An eightfold induction of HPV-16 transcripts was obtained in oestrogen-treated SiHa cells. Of the five HPV-16 transcripts detected in these cells only the two major ones, the 4-6 kb and the 4.1 kb mRNA species, were affected by oestrogen. Since the five transcripts span the E6 and E7 open reading frames of the HPV-16 genome, these results suggest that the expression of the various transcripts is differentially controlled, as oestrogen regulates only two of them. We have identified in the HPV-16 genome seven different regions with a high degree of similarity to the oestrogen-responsive element consensus sequence (GGTCANNNTGACC). These sequences are located throughout the entire HPV-16 genome. Progesterone or dexamethasone had no detectable stimulatory effect on the various transcripts of HPV-16 in SiHa cells, up to 24 h after treatment of the cells. Since the E6 and E7 open reading frames have been associated with the oncogenic potential of HPV-16, the effect of oestrogen on the transcription of these viral genes may be of biological relevance in the malignant transformation of HPV-16-infected cervical cells.
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Papillomaviruses are a group of DNA viruses which induce benign epithelial proliferations (warts) in higher vertebrates (Pfister, 1984) . In recent years considerable evidence has accumulated to show a strong association between specific types of human papillomavirus (HPV) and benign lesions of the human genital tract , but also with premalignant and malignant transformation (Boshart et al., 1984; Crum et al., 1984; Diirst et al., 1983) . In particular HPV-16 DNA has been identified in more than 70% of cases of cervical cancer and of cervical intraepithelial neoplasia. Furthermore, HPV-16 and HPV-18 have also been detected in several cell lines established from human cervical carcinoma (Schwarz et al., 1985; Pater & Pater, 1985; Yee et al., 1985) .
Clinical and experimental data have indicated that HPV infection by itself does not necessarily lead to the development of cervical cancer (Brinton, 1986) . It seems that cofactors are needed for the full expression of oncogenicity. As an increased risk of cervical neoplasia has been suggested in long-term users of oral contraceptives (World Health Organization, 1985) and in pregnant women (Schneider et al., 1987) , hormones may play an important role in HPVassociated malignancies.
It has been shown that in vitro the enhancer element of the E6 and E7 open reading frames (ORFs) identified in the HPV-16 genome (Seedorf et al., 1985) can be regulated by glucocorticoids . These genes have been shown to be involved in HPV-16 oncogenicity (Kanda et al., 1988; Phelps et al., 1988; von Knebel et al., 1988) . In order to evaluate the biological significance of sex hormones and glucocorticoids on HPV-16 expression, we have analysed the in vivo response of HPV-16 to steroid hormones in SiHa cells. This cell line was derived from a cervical carcinoma tissue and contains one integrated copy of the HPV-16 genome (Baker et al., 1987; E1 Awady et al., 1987) .
To evaluate the effect of oestrogen on the transcription of HPV-16, SiHa cells were treated with 1 gM-fl-oestradiol (Sigma). Poly(A) ÷ R N A was analysed 2, 4, 8, 16 and 24 h after treatment and compared to poly(A) ÷ R N A from untreated SiHa cells. Fig. 1 shows that the addition of oestrogen stimulated the transcription of HPV-16 m R N A . A n eightfold induction occurred after 16 h of oestrogen treatment, and a twofold effect was noted after 4 h, as determined by densitometry measurements. It is known from other systems that steroid hormones stimulate transcriptional initiation (Green & Chambon, 1987; K u m a r et al., 1987; Martinez et al., 1987; Klein-Hitpass et al., 1988) . Although it is very likely that the same mechanism occurs in our system, nuclear run off experiments are in progress to clarify this issue. Fig. 1 also shows that only the two major HPV-16 transcripts were induced by oestrogen, the 4-6 kb m R N A and the 4.1 kb m R N A species. No effect was observed on the three minor 2.4, 1"6 and 1.4 kb m R N A s . In order to localize these transcripts in the HPV-16 genome, we used HPV-16 subgenomic probes for hybridization to the poly(A) ÷ R N A of SiHa cells. Fig. 2 shows that a fragment covering the E6 and E7 O R F s detected all five HPV-16 transcripts observed in SiHa cells. Fragments covering the E1 to E 5 0 R F s and the E 1 0 R F alone detected the same 4-1 kb transcript only. There was no detectable expression of the late region of HPV-16, or from the E2/E4/E5 region (data not shown). The differential effect of oestrogen on the various transcripts may indicate that the two major ones share the same control element(s), the three minor ones being controlled by a different regulatory region. In CaSki cells, another cervical carcinoma-derived cell line containing many integrated copies of the HPV-16 genome, the transcriptional promoter of the HPV-16 early genes has been mapped to the very 3' end of the long control region (LCR), at nucleotide position 97, and is called P97 (Smotkin & Wettstein, 1986 ). Although we have not determined the initiation site(s) of these transcripts and their splicing patterns, our results indicate that the short (oestrogen-unresponsive) transcripts hybridize to the E6/E7 region only and probably do not extend beyond this region. They may be unspliced since they fit within the span of the E6/E7 probe. Of the longer oestrogen-responsive transcripts, the 4.1 kb species hybridizes strongly to the E1 region but weakly to the E6/E7 region, indicating the existence of a promoter near the ET-E1 boundary. Alternatively, the removal of an important fraction of the E6/E7 region by splicing could leave a very short exon at the 5' end of the transcript. The 4-6 kb transcript hybridizes only to the E6/E7 region, indicating that at least the E 1 region has been spliced out. We have initiated S1 mapping and primer extension experiments in order to characterize these transcripts further.
Steroid hormones have been shown to regulate various cellular and viral genes at the transcriptional level (Green & Chambon, 1986) . Glucocorticoid-responsive elements (GREs) have been identified in a variety of retroviruses (Miksicek et al., 1986) and in the hepatitis B viral genome (Tur-Kaspa et al., 1986) . Similarly, a GRE was also detected in the control region of the HPV-16 genome . In order to study the HPV-16 transcription in SiHa cells treated with dexamethasone and progesterone, poly(A) ÷ RNA was analysed after treatment with 1 ~tM-dexamethasone (Sigma) or 1 ~tM-progesterone (Pabyrn). Neither had any effect on HPV-16 transcripts as measured 2 to 24 h after the addition of the hormones to the cells. The lack of response to glucocorticoids in SiHa cells is not due to the absence of the appropriate receptor, as we were able to show a fivefold increase in chloramphenicol acetyltransferase (CAT) expression in dexamethasone-treated SiHa cells transfected with the plasmid pMMTV-CAT which contains the dexamethasone-inducible mouse mammary tumour virus long terminal repeat region cloned 5' to the CAT coding gene (data not shown). In transient expression assays Gloss et al. (1987) have shown dexamethasone inducibility of CAT expression in HeLa cells transfected with a plasmid containing the GRE sequence present in the HPV-16 prototype genome (Seedorf et al., 1985) . By transfecting both HeLa and SiHa cells with a similar plasmid containing the HPV-16 GRE genome fragment which has been cloned from SiHa cells (Baker et al., 1987) , we could confirm this result in HeLa cells but we were unable to detect any dexamethasone-induced CAT expression in SiHa cells (data not shown). Sequence comparison between the GRE-containing fragments from the HPV-16 genome prototype used by Gloss et al. and from the HPV-16 genome cloned from SiHa cells revealed the presence of the GRE consensus sequence in both clones (S. Mitrani-Rosenbaum, unpublished data). It may be that specific cellular factors affect the activity of this sequence. Although we did not test for the presence of progesterone receptor, we assume that cervical cells do possess such receptors. Moreover glucocorticoid and progesterone receptors bind to the same DNA sites . Therefore it is likely that this site, which is not functional for dexamethasone inducibility, is also inactive for progesterone stimulation in SiHa cells.
Various cellular genes are regulated by oestrogen. A consensus sequence, GGTCANNNT-GACC, which functions as a specific oestrogen receptor-binding site, has been identified in several regulated genes from different species (Walker et al., 1984; Klock et al., 1987; Martinez et al., 1987) . By computer analysis of the prototype HPV-16 genome (Seedorf et al., 1985) we have detected a 12 bp matched sequence, at map positions 3202 to 3213. This sequence is located in the E20RF. Moreover, sequences similar to the oestrogen-responsive element (ERE) consensus are spread throughout the various regions of the HPV-16 genome, including the late region (Fig. 3) .
In SiHa cells, the integration of the HPV-16 genome has deleted the E2 ORF from the papillomavirus genome, but all the other regions containing sequences similar to EREs are still present (Fig. 3) . The stimulatory effect of oestrogen on transcription is most likely to occur via the binding of the oestrogen receptor complex to ERE, by a mechanism which is still obscure. The mechanisms of oestrogen and glucocorticosteroid stimulation are probably similar. Moreover EREs and GREs are closely related . The several EREs in the HPV-16 genome might have a synergistic effect in enhancing transcription, as has been suggested for glucocorticoid induction of gene expression of the tyrosine aminotransferase gene (Jantzen et aI., 1987) . We have initiated gene transfer experiments to determine the precise location of functional EREs in the HPV-16 genome.
In this study we have shown that oestrogen differentially stimulates the transcription of the E6/E7 and E1 genes of HPV-16. E6 and E7 have been shown to be directly involved in immortalization or/and transformation of cells. In this respect it is of interest that in vivo studies by J. Kreider and colleagues showed that fl-oestradiol stimulates the growth of experimental human condylomas induced with HPV in mice (personal communication).
The biological effect of oestrogen on the expression of HPV-16 may be of clinical relevance as a cofactor in the progression of HPV-16-associated genital dysplasia to a fully developed malignant state.
